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submitted prior to initiation of the prosecution of this 
application in the U.S. Patent and Trademark Office. 



The above -noted new claims are respectfully submitted 



in order to more clearly and appropriately claim the subject 
matter which applicants consider to constitute their inventive 
contribution. No new matter is included in these amendments. In 
addition, the revisions to the Abstract and Specification are 
submitted in order to clarify and correct the Abstract and 
Specification and to conform them to all of the requirements of 
U.S. practice. No new matter is included in these amendments. 



In view of the above, it is respectfully requested that 



these amendments now be entered, and that prosecution on the 
merits of this application now be initiated. If, however, for 
any reason the Examiner does not believe such action can be 
taken, it is respectfully requested that he telephone applicant's 
attorney at (908) 654-5000 in order to overcome any objections 
which he may have. 



If there are any additional charges in connection with 



this requested amendment, the Examiner is authorized to charge 
applicant's Deposit Account No. 12-1095 therefor. 
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A METHOD AND MEANS FOR MEASURING STRESS FORCES IN REFINERS 
FIELD OF THE INVENTION 

[0001] The present invention relates to a metliod and a 
measuring device for measuring stress forces in refiners 
having refining discs that between them define a refining gap 
for refining material. 

BACKGROUND OF THE INVENTION 

[0002] Guch rofinoro aro uaing Refiners such as those noted 
above are used for refining material containing fiber. The 
refiner generally comprises refining members in the form of 
diooo disks which rotate in relation to each other and between 
which the material for refining passes from the inner 
periphery of the refining members, where the material is 
supplied, to the outer periphery of the refining members, 
through a refining gap formed between the refining members. 
Often one of the refining diooo — disks is fixed whereas the 

other rotates. The refining diooG disks are generally 

constructed from segments provided with bars on their surface . 
The inner segments can then have a coarser pattern and the 
outer segments a finer pattern in order to produce fine 
refining of the material. 

[0003] To ensure high quality when refining material 
containing fiber, the disturbances in operating conditions 
that continually occur for various reasons must be corrected 
by constant control of the various refining parameters to 
optimum values. This can be achieved by altering the supply of 
water, for instance, so that a larger or smaller cooling 
effect is obtained, by changing the flow of material for 
refining, by adjusting the distance between the refining 
members, or by a combination of these measures. Accurate 
determination of the energy transferred to the material for 
refining, and also of the distribution of the energy over the 
surface of the refining members, are necessary to enable the 
necessary adjustments and corrections to be performed. 

[0004] To determine the energy/output transferred to the 
material for refining, it is already known to try to measure 




the shear forces appearing in the refining zone. What is known 
as a shear force occurs when two surfaces move in relation to 
each other with a viscous liquid between the surfaces. Such a 
shear force is also created in a refiner used for refining 
wood chips mixed with water. It may be imagined that the chips 
of wood are both sheared and rolled between the refining 
discs, as well as colliding with each other and with the bars. 
The shear force is caused, inter alia, by the combined force 
of the discs and by the friction coefficient of friction . The 
normal force exerted on the surface also varies with the 
radius . 

^ [0005] Through — S E C 504 8 01 — As shown in Swedish Patent 

p Application No. 504,801, a measuring device is already known 

^ comprising a special sensor bar, i.e. a bar provided with 

%2 sensors which sense the load exerted on the sensor bar during 

m refining, at a number of measuring points along the bar. 

s s \ 

^ However, the drawback of this arrangement is that measuring is 

N= only performed on occasional bars, and the result is therefore 

fy ~ 

|T unreliable. Furthermore, the type of transducer, or strain 

HJ gauge, used in bar experiments have a short service life since 

{T the transducers are located close to the refining surface and 

the material used to screen the transducers from steam and 
pulp is subjected to an extremely demanding environment. 
However, despite these drawbacks, strain gauges must be used 
because of the design of this measuring device. 

[0006] The One object of the present invention is to solve 
the problems mentioned above and, first of all, to provide a 
method and a measuring device that produces a more reliable 
result than previously known devices, and also to provide a 
device with potential for a longer service life than 
previously known devices, thus making it more economical. 
Thio object — io achicvGd by a method ao dofinod in claim 1 and 
with — fehe — characteriotico — specified — th e r e in , — and — also — with — a 
m ea su rin g device ao defined in claim 4. 
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SUMMARY OF THE INVENTION 

[0007] In accordance with the present invention, these and 
other objects have now been realized by the invention of a 
method of measuring the stress forces in a refining disk 
having a refining surface including a plurality of refiner 
bars and employed in a refiner including a pair of refiner 
disks defining a refining gap therebetween, the method 
comprising providing a measuring surface comprising at least a 
portion of a plurality of the refiner bars, resiliently 
mounting the measuring surface in the refiner surface, and 
measuring the stress forces across the measuring surface. 
Preferably, the resilient mounting of the measuring surface 
comprises resiliently journaling the measuring surface in a 
direction substantially parallel to the refining surface 
whereby the measuring surface is movable in the direction in 

[y response to a stress force with respect to a permanent force 

01 

sensor connected to the measuring surface . 



m 



H [0008] In acc ordance with one embodiment of the method of 

f%_i ^ — ' ■ 

|2 the present invention, the method includes calculating the 

ry size and distribution of the output transferred to material 

— — — — 

rf passing through the refining gap based on the stress force 

measured by the measuring surface, and employing the 
calculation to control the refining process. 

[0009] In accordance with the present invention, apparatus 
has also been discovered for measuring stress forces in a 
refining disk having a refining surface including a plurality 
of refiner bars utilized in connection with a pair of refining 
disks defining a refining gap therebetween, comprising at 
least one measuring member disposed on the refiner surface and 
including a measuring surface including at least a portion of 
a plurality of the refiner bars, and resilient mounting means 
for resiliently mounting the at least one measuring member on 
the refiner surface. Preferably, the at least one measuring 
member comprises a plurality of measuring members. 

[0010] In accordance with one embodiment of the apparatus 
of the present invention, the at least one measuring member 



-3- 



comprises a force sensor and a measuring body connecting the 
force sensor to the measuring surface. Preferably^ the force 
sensor is in abutment with the measuring body, and the 
apparatus includes attachment means for fixing the force 
sensor with respect to the measuring body. Preferably, the 
resilient mounting means comprises mounting means for 
resiliently journaling the measuring surface in a direction 
substantially parallel to the refiner surface. 

[0011] In accordance with another embodiment of the 
apparatus of the present invention, the measuring surface is 
connected to the measuring body, and the measuring body 
y extends from the measuring surface on the side of the force 

p sensor so as to provide a measuring body extension, the 

M measuring body extension including a joint portion where the 

r= measuring body is movable in a direction substantially 

fy parallel to the refiner surface. Preferably, the measuring 

r ' hody has a substantially circular cross-section, and the joint 

H portion comprises a flattened portion of the measuring body 

!^ disposed below the force sensor, 

^ 

pj [0012] In accordance with one embodiment of the apparatus 

^ of the present invention, the force sensor comprises a 

piezoelectric sensor . 

[0013] In accordance with another embodiment of the 
apparatus of the present invention, the resilient mounting 
means comprises a sealing member surrounding the measuring 
surface for joining the measuring surface to the refiner 
surface. Preferably, the sealing member comprises a yieldable 
material. In a preferred embodiment, the apparatus includes a 
casing surrounding the force sensor and the measuring body, 
the attachment means attaching the force sensor to the casing, 
the measuring body including a first end and a second end, the 
first end of the measuring body attached to the casing and the 
second end of the measuring body attached to the measuring 
surface, the measuring surface and the sealing member closing 
the casing. In a preferred embodiment, the apparatus includes 
a sleeve enclosing the sealing means, whereby the sleeve, the 
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sealing means and the measuring surface are inserted in the 
casing when the casing is sealed. 

[0014] fee — According to the method io thuo oharaatcriood in 
that of the present invention, m easurement of the force stress 
is performed across a measuring surface constituting a part of 
a refining dioc disk , said the m easuring surface comprising at 
least parts of more than one bar and being resiliently mounted 
in relation to the surface of the refining — disc disk . The 
measuring device is provided with corresponding means for 
performing the method. The present invention thus reveals the 
advantage that, in comparison with known technology, 
1=1= measurement of the stress force is performed over a relatively 

^ large surface, thereby producing a considerably more reliable 

lss=? 

M result. 

ff [0015] According to a preferred embodiment of the present 

fU invention , measurement is performed by the measuring surface 

being resiliently journalled in a direction parallel with the 

s 

surface of the refining dioc — disk and being movable in said 
direction in the event of a stress force, in relation to a 
nj rigidly mounted force sensor with which the measuring surface 

P is connected, sai d the force sensor thus being influenced by 

M= 

and measuring said the stress force. The measuring device in 

turn reveals features comprising equivalent members. 

[0016] According to a particularly preferred feature of the 
present invent ion , thorof ore , — the . measuring device comprises a 
force sensor and a body connecting the sensor with the 
measuring surface. Through this arrangement the present 
invention achieves the advantage that the force stress is 
measured directly, instead of indirectly by measurement of 
linear strain and the like, as occurs with known technology. 

[0017] The sensor, which is preferably a piezoelectric 
force sensor constructed of cjuartz crystal (a "quartz sensor") 
also contributes to an extremely rigid measuring device being 
possible. The preferred sensor will withstand temperatures of 
up to about 200 and is also linear up to this temperature. 
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[0018] In accordance with another preferred feature of the 
present invention , the measuring surface is connected to oaid 
the b ody and the part of paid the b ody that extends on the 
side of the force sensor opposite to the measuring surface-r is 
provided with a joint where the body is movable in a direction 
substantially parallel with the surface of the refining dioc 
disk . However, as mentioned above, since the force sensor has 
a relatively stiff spring action, the shear forces will only 
cause extremely small movements in the joint, and thus the 
measuring device. This makes it easier to seal the measuring 
device against steam and wood chips penetrating from the 
surroundings, neither will it be as sensitive to material that 
accumulates around the measuring device. These are important 
S advantages over the known technology. In the direction 

m perpendicular to the measuring surface, the body has such a 

M= high degree of rigidity that no changes will occur in the 

m 

refining gap, which is another advantage. 

s Additional advantag oo aad — f caturoo fefee invention — 

57» rcvGalod in the cub claimo . 

1^ The prccont — invention will — now ho dcocribcd with rofGronco — fe^ 

^ttee — embodiment — illuotratod — — «ie — accompanying — drawinga , — i«: 
which 

Figure — i — shows — a — view — in — perspectiv e — — a — refining — s egm e nt 

forming — part — e€ — a — ref ining — disc, provided — with — meaouring 

dcvicco in accordance with the preoent invention; 
Figure 2 ohowo a baoic layout okotch of a meaouring device in 
accordance with the preoent invention; 

Figureo — 3a and 3b — illuotrato — fe^ie — force — ratio applicable — ieae^ 
the invention; and 

Figure — 4 — ohowo — a: — view, — partly — is — ooction, — &€ — a — meaouring 
device in accordanoG with the preoent invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention will now be more fully 
described with reference to the following detailed description 
which, in turn, refers to the accompanying drawings, in which: 



rU 
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[0020] Figure 1 is a front, perspective view of a refining 
segment forming part of a refining disk provided with 
measuring devices in accordance with the present invention; 
[0021] Figure 2 is a side, elevatlonal, schematic 
representation of a basic layout of a measuring device in 
accordance with the present invention; 

[0022] Figure 3a is a schematic representation showing the 
force ratio applicable to the present invention; 
[0023] Figure 3b is a schematic representation showing the 
force ratio applicable to the present invention; and 
[0024] Figure 4 is a side, elevational, partially sectional 
view of a measuring device in accordance with the present 
invention. 

DETAILED DESCRIPTION 

[0025] Figure 1 thus illustrates a part of a refining disc 
disk in the form of a refining segment 1, provided with a 
lU pattern comprising a number of bars 3 extending in a 

substantially radial direction. Measuring devices 5, in 
M. accordance with the present invention, are also illustrated 

schematically in thio figure 1. These measuring devices 

preferably have a circular measuring surface, with a diameter 
in on the order of magnitude of 3 0 mm, for instance, but the 
measuring surface may also have a different geometric shape. 
The measuring devices are preferably arranged at different 
radial distances from the c e ntre — center of the refining dice 
disk , and segments at different distances from the contrQ 
center are also preferably provided with measuring devices. It 
is also advantageous for the measuring devices to be staggered 
peripherally in relation to each other, all with the object of 
being able b etter able to determine the force distribution in 
the refiner and thus for better te — control of the refining 
process- When a measuring device is affected by a force 
parallel with the surface of the refining die^disk/ segment , 
the force sensor of the measuring device will generate a 
signal that is proportional to the load. 
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[0026] The measuring device according to the present 
invention functions in accordance with the principle 
illustrated in figure 2. A dioc — disk segment 1 can be seen 
here from the side, equipped with bars 3. A measuring device 5 
is also visible, comprising a part of the surface of the dioc 
disk segment and being provided with a number of bars 6, or at 
least parts thereof- When the refining dioc disk is subjected 
to a shear load F, the measuring device 5 (the sensor) will 
take up a load Fm which is denoted by the following 
expression: 

Fm = F . (1) 

l2 

where 1 is the distance between the point where a sensor 10 in 

2 

the measuring device is secured and the joint 8 of the device, 
and where 1^ is the distance between the measuring surface 7 

of the measuring device and the joint 8. This formula is valid 
provided the joint does not take up any torque, and that the 
pressure distribution over the measuring surface 7 subjected 
to the shear force is not too uneven. The joint 8 consists in 
principle of a metal sheet of such small thickness so as to 
give p rovide a negligible contribution to the total stiffness 
of the measuring device_^ while at the same time being able to 
withstand the loads to which it is subjected. The thickness of 
the metal sheet can at the same time be rather large since the 
sensor itself is relatively rigid, giving little flexure in 
the sheet. The dimension of the joint 8 ohall — is thus fee 
adjusted to withstand the vertical load occurring, while at 
the same time absorbing only a negligible part of the lateral 
load that the screw and the sensor ohall absorb. See also the 
detailed description in conjunction with figure 4. 
[0027] The model in figures 3a and 3b describes how high 
and low rigidity, respectively, affect the function of the 
measuring device, through the rigidity that sensor, attachment 
screw (the attachment member by which the sensor is fixed in 
relation to the measuring surface and the body, see Fig. 4) 



and the joint possess. The force and the torque absorbed by 
the sensor/attachment screw and the joint, respectively, are 
controlled by the ratio F^^^^^^ = ■ 5 and M = k3 • A9, where M 
is the torque in the joint. k2 is in this case the rigidity of 
the spring 15, that is to say the sensor 10 together with the 
attachment screw 20, and k3 is the rigidity of the journaling 
point/ joint 8. The ratio shows clearly that if F = constant 
and kg increases, then 6 will decrease, and thus also since 

the torcjue is directly proportional to the flexure 8 for small 
angles. In the case under discussion k2 is large and the 
equation (1) is therefore valid. 

[0028] It should be pointed out that, in this case, 
relatively high rigidity of the sensor/attachment screw 
results in high rigidity in relation to the load that the 
sensor/screw ohall absorbs. The load may vary greatly across 
the refining zone, e.gr. from an order of magnitude of 2 ON to 
an order of magnitude of 150N. In the present case, with an 
estimated average value of about 40N, displacements of the 
measuring surface are obtained that can be measured in 
hundredths of a — millimctrc m illimeter . As mentioned — earlier 
above, these minor displacements facilitate sealing the device 
from the surrounding environment. As to for the body 17, this 
can be considered as completely rigid in the direction 
perpendicular to the measuring surface. 

[0029] Figure 4 shows a preferred embodiment of a measuring 
device in accordance with the present invention. The measuring 
device 5 comprises a measuring surface 7 provided with bars 6, 
or parts of bars, which measuring surface constitutes a part 
of a disc disk segment as illustrated in figure 1. As can also 
be seen in figure 1, the measuring device has a p referably has 
a circular measuring surface. 

[0030] The measuring surface 7 is in direct contact with a 
body 17, preferably of steel, extending inside the device. The 
measuring surface is preferably screwed to the body 17 . 
Slightly below the measuring surface the body 17 is provided 



with a transverse recess in which a force sensor 10 is 
arranged, preferably a quartz sensor. Here, too, the body 17 
is provided with a through hole in which an attachment screw 
20 is applied, passing through the hole and securing the 
sensor 10, The sensor 10 is thus fixed in relation to the body 
17 by means of the screw 20, as will be described below. Other 
attachment means for the sensor 10 are naturally p ossible . 
Otherwise, the body 17 preferably has a circular cross 
section. Further down beneath the sensor, the body 17 assumes 
a narrowing, flattened shape in an area corresponding to the 
joint 8, mentioned oarlior above , and described in conjunction 
with figures 2, 3a and 3b. 

[0031] The sensor 10 and the body 17 are arranged disposed 
inside a protective casing 22. This casing has an opening at 
the top, adjacent to the surrounding refining segment, which 
is closed by the measuring surface 7, a seal 12 surrounding 
the measuring surface, and a sleeve 13 in which the seal is 
arranged disposed . The seal 12 is of a particularly suitable, 
somewhat yielding material such as rubber, so that it can 
permit the small movements that the shear forces give rise to 
in the measuring surface, and still achieve a good seal that 
prevents steam and pulp from penetrating into the device. The 
seal preferably has a dampening effect as regards, inter alia, 
the vibrations that occur during operation. The purpose of the 
sleeve 13 is primarily to facilitate sealing of the measuring 
device since the measuring surface and the seal are first 
assembled in the sleeve which can then easily be inserted 
partially into the casing 22. Naturally, it is possible to 
omit the sleeve. 

[0032] The casing 22 also has a function in securing the 
sensor 10 in relation to the measuring surface 7. The sensor 
is thus secured in the casing by means of the attachment screw 
20. Finally, the body 17 is attached in the casing at the end 
opposite to the measuring surface. 

¥he — invention io not — limited to the — embodiment — illuotratod in 
^fehe — drawingo . — — eau — be — modified — aad — altered — — many — wayo 
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ob vious — fe^ — eiie — okillcd — ^n — fciie — art , — within — felie — scope — — 
appcndod claimo. 

[0033] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 
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